The problem of sugar metabolism and diabetes is intimately associated with the two following questions: (1) Does the pancreas have a local independent action on dextrose passing through its blood vessels, altering the dextrose in some way for utilization by the body tissues? (2) Is there a direct interrelation between the pancreas and body tissues in dextrose metabolism, and if so, how is it accomplished?
The problem of sugar metabolism and diabetes is intimately associated with the two following questions: (1) Does the pancreas have a local independent action on dextrose passing through its blood vessels, altering the dextrose in some way for utilization by the body tissues? (2) Is there a direct interrelation between the pancreas and body tissues in dextrose metabolism, and if so, how is it accomplished?
In the experimental work reported below the attempt has been made to gain some evidence as to the first of these questions by the direct perfusion of the pancreas with physiological concentrations of dextrose. The second question has been studied by various types of perfusion experiments on the isolated surviving heart and pancreas in order to determine whether there was any interdependence between the two in dextrose metabolism.
The numerous experiments recorded by various workers bearing upon the interrelation between the pancreas and body tissues in the utilization of dextrose need not be reviewed in detail. It is sufficient to say that two general lines of investigation have developed. On the one hand, the experiments of Hedon (1), Carlson and Ginsburg (2), Forschbach (3), Carlson and Drennan (4), Verzir and von Fejer (5), Woodyatt (6), Murlin and Kramer (7), and others, in which blood was transferred in various ways from normal to diabetic animals in the hope of thus supplying a pancreatic hormone, have yielded no decisive results. Again, VerzAr and von Fejer (5), Murlin and Kramer (7), Scott (8) , and others have attempted to supply this hypothetical internal secretion by the injection into diabetic animals of various kinds of pancreatic extracts. Their results have in general been negative. The obvious objection can be raised to all such experiments that in grinding the pancreas its powerful proteolytic enzymes might readily inactivate a more delicate product of internal secretion. 
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The second main line of investigation has developed since Cohnheim (9) in 1903 reported experiments in which he found that while pancreatic extract or muscle extract alone had no effect on dextrose, a mixture of the two caused a rapid disappearance of sugar, which he interpreted as being due to an oxidative process. Although his results were attacked by Claus and Embden (10) and others, they were supported by Arnheim and Rosenbaum (11), Dewitt (12) , and Hall (13) , and were generally accepted until Levene and Meyer (14) in 1911 found that this apparent destruction of dextrose was due to a condensation process, for by hydrolysis the reducing sugar was restored.
Method.
The method of isolated perfusion was chosen in the following experiments, for, while obviously artificial compared to normal physiological conditions, it offered a method of controlling the factors concerned.
Two references only to the direct perfusion of the pancreas have been found. Hustin (15) perfused the pancreas in a study of its external secretion, and de Meyer (16) in 1910 found that by adding a solution previously perfused through a pancreas to one subsequently perfused through a liver there was an increase in the liver glycogen. The findings of fifteen observers who have studied the utilization of sugar by the isolated mammalian heart are summarized in Table  I . An analysis of their results brings out the following criticisms.
1. A uniform type of animal has not been used. 2. The conclusions of the different observers are based on no constant time period of perfusion, but vary from 25 minutes to 10 hours.
3. Save for the experiments of Maclean and Smedley (24) , there has been no attempt to make hourly sugar determinations in order to follow the rate of sugar disappearance.
4. There has been a great discrepancy between the findings of various workers as to the amount of dextrose used by the living heart. Patterson and Starling (27) in the most recent work using a heart-lung preparation and correcting for the sugar destroyed in the lung found very little if any sugar used either by a normal or diabetic heart in periods of 1 to 3 hours.
5. Locke and Rosenheim (18) and Cruickshank and Patterson (29) are the only workers who hydrolyzed the final perfusates to determine whether by so doing there was an increase in the reducing substance present.
6. The observance of aseptic precautions has varied greatly with different workers. Maclean and Smedley (25) and Underhill and Prince (31) alone state that their apparatus was sterilized in an autoclave. In no instance save in the experiments of Underhill and Prince is there mention of scrupulous, aseptic, surgical technique, and in no instance are bacterial counts given. A. Reservoir containing the perfusion fluid, consisting of a 400 cc. graduated glass bottle with a rubber stopper through which the various tubes and thermometer pass.
B. Artificial lung consisting of a glass cylinder filled with glass beads. C. Glass perfusion chamber in which the heart is suspended from the bulbshaped cannula tied in the aorta. The cannula passes through the large rubber cork. The fluid after perfusing through the coronary arteries flows from the auricles and passes down through the lung into the reservoir.
D. Glass perfusion chamber in which the pancreas is suspended by its mesenteric border to the long glass arm which projects from the rubber cork. The cork is perforated by an opening for the escape of oxygen and one for transmitting the cannula to the pancreatic artery. The perfused fluid drips from the pancreas and flows down through the lung to the reservoir. E. 3 and 5 cc. Luer syringes acting as pumps, and operated by a motor attachment.
F, and F 2 . Glass two-way valves. G, and G2. Glass bottles acting as air-heads. The importance of this last criticism has been emphasized by the results of this investigation. Infection of the perfusing liquid occurs easily and its occurrence may account for a slight or even a considerable disappearance of dextrose. Extreme care in sterilization of the apparatus and the observance of strict aseptic precautions are necessary to exclude this factor. All my final experiments were controlled by bacterial counts, and those in which the precautions against infection were not successful, as shown by the bacterial counts, were discarded. It seems evident that previous workers have failed to realize that not only must ordinary aseptic precautions be used, but that only by the minute observance of the most rigid care controlled by bacterial counts can bacteria be sufficiently excluded to make the conclusions as to sugar utilization in such experiments reliable.
Apparatus.-The diagram of the apparatus used is shown and explained in Text- fig. 1 . Extreme care was taken to wash all adherent fat and protein from the apparatus immediately at the end of each experiment. Sterilization was accomplished by fractional sterilization in an Arnold sterilizer. Immediately before each experiment the apparatus was tested by perfusing several times with sterile Locke's solution containing the percentage of dextrose to be used in the experiment. This technique was time-consuming but was justified by repeatedly getting an apparatus, washings from which showed no bacteria on agar plates. The temperature of the apparatus and perfusate in all experiments was maintained at 37-38.5 0 C. by keeping the apparatus in a thermostat.
Perfusate.-The solution used in all experiments was a standard Ringer-Locke's solution of the following formula: calcium chloride 0.024 per cent, potassium chloride 0.042 per cent, sodium bicarbonate 0.03 per cent, sodium chloride 0.9 per cent, dextrose (Kahlbaum's pure) 0-0.5 per cent (according to the experiment). Locke's solution was made up immediately before each experiment from freshly distilled water which was sterilized by boiling. The amount of perfusate was generally 250 cc. and was left unchanged during the period of perfusion, save for samples removed for analysis.
Dextrose Determinations.-A slight modification of the colorimetric method of blood sugar determination described by Lewis and Benedict (32) was used. The great advantage which the method offered was that the small amount of fluid necessary for analysis did not materially diminish the volume of the perfusate, so that hourly observations were possible. The results reported in these experiments obviously depend on the accuracy of the technique of sugar determination. For this reason in the earlier experiments hourly duplicate determinations were made not only on the perfusate but on the control perfusion and on the original Locke's solution. The average error of duplicate determinations practically never exceeded 0.5 per cent of the total sugar present. Correction was always made for the amount of perfusate removed for analysis in estimating the total volume of sugar present in the perfusate.
Controls.-A small apparatus similar in all respects to the main apparatus save that it contained no living tissue was used in the first forty-seven experiments. Its reservoir of 50 cc. was filled from the main apparatus after the heart or pancreas or both had been perfused for 10 minutes. Thus the control apparatus contained a fluid which was inoculated with whatever bacteria were contained in the main perfusate and with whatever enzymes were washed out in that time. In no experiment considered was there any change in the reducing properties of the sugar in the control perfusion beyond the limits of experimental error.
Bacterial Counts.-The plate method of bacterial counting was used throughout. Contaminating organisms were usually of the intestinal types. While contamination generally occurred even with the most rigid precautions, it was possible to estimate from the number of bacteria present whether they were sufficient to account for a disappearance of sugar. Six experiments were obtained which remained entirely sterile for the 4 hour period of perfusion. Those experiments were discarded in which bacterial contamination might in any way be interpreted as having accounted for dextrose utilization.
Hydrolysis.-The method of hydrolysis used by Levene and Meyer (14) was followed: hydrolyzing for 2 hours with 1 per cent hydrochloric acid with a reflux condenser, and subsequently carefully neutralizing and bringing to the original volume. It was found that this percentage of acid gave the maximum hydrolytic effect. If a polymerization of the dextrose into some more complex, non-reducing form occurred, hydrolysis should restore it to the simple mono-saccharide. In this way it is possible to determine whether the disappearance of dextrose is a real utilization or only an apparent one.
Surgical Procedure.-Small or medium sized dogs were used which had been previously fed on a routine meat-bread diet. Great care was observed in shaving and sterilizing the chest and abdomen of each dog. All instruments were sterilized by boiling. Rubber gloves and sterile gowns were worn by the operator and his assistant. The table and animal, except the narrow field of operation, were covered with sterile towels. In a word, every precaution of a major surgical operation was used. The dogs were anesthetized with ether.
Removal of the Pancreas.-The removal and perfusion of the pancreas is a simple operation. The abdomen was opened by a transverse incision just below the costal margin. The aorta was clamped as it emerged from the diaphragm thus making the subsequent steps practically bloodless. The pancreaticoduodenal artery was exposed and a cannula placed in it. All the pancreas except the splenic portion which is not supplied by the pancreaticoduodenal artery was then gently removed. The common bile-duct must not be cut. The pancreas was then washed in warm sterile Locke's solution and loosely suspended by a continuous suture through its mesenteric border to the supporting arm of the perfusion chamber and placed in the apparatus, as shown in Text- fig. 1 . The cannula was connected and the perfusion started. The procedure can be carried out in less than 5 minutes. A pulsatile pressure whose systolic pressure never exceeded 40 mm. of mercury was used, and about 20 cc. of fluid were perfused per minute. Carmine gelatin injections of the pancreas by this method showed that there was complete penetration of the fluid to every portion of the pancreas.
Removal of the Heart.-The technique of removal and perfusion of the heart scarcely need be described as it was similar to that used by previous workers. The thorax was rapidly opened, the heart removed and transferred to a dish of warm sterile Locke's solution, where, after washing it free of any excess of blood, the cannula was tied into the aorta above the aortic valves. Care must be used to exclude air bubbles. The heart was placed in the perfusion chamber and perfusion begun at once. This procedure requires about 3 min-utes. The heart generally beats vigorously from the first. At the end of 4 hours the heart always showed a varying amount of edema and dilatation. As soon as the hearts were allowed to die, however, and rigor mortis set in, a considerable amount of this fluid seemed to be squeezed out. In addition every heart was mechanically squeezed free of as much fluid as possible. From gross appearance the heart approximated its original size. The error that resulted from this procedure must have been slight, and fairly uniform for all the experiments. In the last thirteen experiments the hearts were weighed before and after perfusion and the results justified the previous method.
The amount of fluid perfused through the hearts varied from 20 to 60 cc. per minute according to the size of the heart. To force this amount of fluid through the coronary arteries required a pulsating pressure whose systolic pressure varied from 40 to 160 mm. of mercury, and the diastolic pressure from 20 to 100 mm. What factor caused this variation in the resistance of the coronary arteries has not been determined. In all experiments recorded, unless otherwise noted, the hearts continued to beat for the 4 hour period.
Perfusion of the Heart and Pancreas.-In a simultaneous perfusion of the heart and pancreas from the same animal the heart was first removed and then the pancreas, as described above. The double perfusion is shown in Text- fig. 1 . It is obvious that the intimate mixture of the fluids passing through the two organs was practically equivalent to a perfusion of the organs in series. If the pancreas was to be perfused first it was removed and the dog was kept under light ether anesthesia until the heart was required.
RESULTS.
Pancreas Perfusions.-Eleven experiments were carried out before the technique of perfusion was perfected. In these experiments there was a distinct disappearance of dextrose from solutions perfused through the pancreas. This might have been interpreted as a utilization of, or change in the dextrose, had bacterial counts not been made. Table II is given to illustrate these experiments, and shows that at the end of 5 minutes the perfusate contained about 350,000 bacteria per cc. In the first 3 hours there was a slight drop in the percentage of dextrose. In the subsequent 3 hours there was a considerable loss of sugar but the bacterial counts at the end of this 6 hour perfusion showed over 50,000,000 bacteria per cc. With perfection of the technique, however, three successive perfusions of the pancreas were obtained in which the maximal bacterial count was 1,670,000. In none of these experiments was there the least detectable loss of dextrose. Table III shows the summarized results of these experiments. In these experiments it seems evident that when dextrose is perfused through the pancreas there is neither a change of the dextrose into a non-reducing form, nor does hydrolysis alter its reducing properties. Heart Perfusions.-In view of the variations reported by different workers as to the amount of dextrose utilized by the surviving heart, and in view of the obvious criticisms stated above, it was felt that before proceeding to perfuse the heart and pancreas together it would be necessary to determine the utilization of dextrose by the heart alone under the conditions used in these experiments. Five successful perfusions of the heart were obtained over a period of 4 hours in which the maximal bacterial count was 216,000 per cc. Table IV is a condensed chart of these experiments, and they are shown in an average curve in Text- fig. 2 . The experiments indicate that during the 1st hour, in averaging the five experiments, the sugar utilization was 0.028 mg. per gm. of heart, in the 2nd hour 0.013 mg., in the 3rd hour 0.242 mg., and in the 4th 0.415 mg. It was felt that this disappearance of sugar in the last 2 hours was not due to bacterial action, for not only was there no loss of dextrose from the control perfusions, but in the perfusions of the pancreas for periods of 6 hours in which the maximal bacterial count exceeded any of those in the heart perfusions there was no loss of dextrose. In these experiments when the final perfusate was hydrolyzed there was no definite increase in reducing substance.
Heart-Pancreas Perfusions.-Six experiments were obtained in which the heart and pancreas were simultaneously perfused with the same fluid and in which the maximal bacterial count at the end of 4 hours was about 800,000 per cc. In two of these experiments, as will be seen by consulting Table V, the perfusing liquid remained practically sterile throughout. In Experiment 32 the heart suddenly stopped at the end of about 2 hours. The figures, however, are given. The results are diagrammatically shown in Text- fig. 2 and summarized in Table VI .
As the experiments progressed it became apparent, as shown in Text- fig. 2 , that a striking phenomenon was occurring. The disappearance of sugar began in the 1st hour and was greatly in excess of that occurring when the heart was perfused alone. In the heart perfusions the distinct disappearance of sugar begins late, after the 2nd hour of perfusion, but from this point on, during the period of observation, it occurs in an increasing ratio. When the heart and pancreas are perfused together a striking loss of sugar occurs in the 1st hour, and towards the latter half of the experimental period of 4 hours this disappearance of sugar shows a decreasing ratio. Text- fig. 2 illustrates this point. The further fact also became apparent that hydrolysis of the final perfusates invariably gave a moderate but definite increase in the reducing substance. After deducting this amount of reducing substance recovered by hydrolysis, the amount of dextrose utilized by the heart in these experiments exceeded considerably that utilized by the heart alone. This is indicated in the tables and figures. In no instance did the control perfusion show any variation in reducing sugar beyond the limits of experimental error. From these experiments, then, it seemed that the pancreas not only enabled the heart in some direct way to utilize dextrose, but some alteration in the dextrose also occurred whereby it was changed in part at least to a non-reducing form which could be transformed back to dextrose again by hydrolysis.
Was This Utilization of Dextrose a Tissue Extract Phenomenon?
Was the disappearance of dextrose when the heart and pancreas were perfused together an effect similar to that obtained when muscle and pancreas extracts are allowed to act on dextrose? A number of heart-pancreas perfusions, which were considered as failures because the heart stopped beating soon after the perfusion was begun, showed practically no utilization of dextrose. The results of four such experiments are given in Table VII . In Experiment 36 the heart stopped beating almost immediately at the beginning of the perfusion. In Experiment 62 the heart and pancreas were frozen on removal from the body and then perfused. In Experiments 43 and 45 the pancreas was removed and ground, with all aseptic precautions, extracted with Locke's solution, and filtered. The hearts were then perfused with this extract. The hearts stopped beating almost instantly and the perfusion pressures rose to over 250 mm. of mercury. The perfusions were continued above this pressure, however. In none of these four experiments was there any disappearance of dextrose over a 4 hour period. Again, in all the heart-pancreas perfusions reported above, and others to be mentioned below, the final perfusates were placed in the thermostat with chloroform and toluene as preservatives. If the dextrose utilization had been due merely to the extracts of the heart and pancreas the disappearance of dextrose ought to continue in the fluid after perfusion. It was invariably found, however, that not only was there no subsequent disappearance of dextrose in these perfusates, but that they generally showed an increase in the amount of reducing substance present. The immediate cessation of glycolytic action was probably not due to the preservatives used, for the experiments of most of the workers from Cohnheim to Levene and Meyer have been based on the effect of tissue extracts preserved with similar antiseptics. It is also to be emphasized that if the disappearance of dextrose was due to the tissue extracts, some change might be expected in the control perfusions which had passed for 10 minutes through the vessels of the two organs. The control perfusions, however, did not show any change, and this fact is discussed further below. Finally, in the experiments of Levene and Meyer (14) this phenomenon occurred only with strengths of dextrose greatly in excess of the physiological amounts used in these experiments, and on hydrolysis they were able to obtain practically all the original sugar. In my experiments only a small portion of the reducing substance could be recovered by hydrolysis. It is believed, therefore, that the results of these experiments indicate that the utilization of dextrose in the heart-pancreas perfusions in which the heart was actively beating was not a phenomenon similar to that obtained when muscle and pancreas extracts are allowed to act on more concentrated solutions of dextrose, but that in these experiments the utilization of dextrose was dependent on the activity of the living heart tissues.
The Pancreas First Perfused and Subsequently the Heart Perfused
with the Same Solution.
The question next arose as to whether the pancreas supplied anything to the perfusing Locke's solution which could subsequently cause the utilization of dextrose by the heart. Six experiments were conducted to determine this point. The results are given in Table  VIII , and charted in Text- fig. 3 . In Experiments 40 and 42 the pancreas was first perfused for hour with Locke's solution containing dextrose. The dog was meanwhile kept alive under light ether anesthesia. The pancreas was then removed from the apparatus, and the heart substituted and perfused with the same solution that had been perfusing through the pancreas. The utilization of dextrose by the heart proceeded exactly as if the pancreas were in circuit, and hydrolysis of the final perfusate gave an increase in the reducing substance. Four experiments were then carried out in which the pancreas was first perfused for a period of 15 to 40 minutes with a Locke's solution containing no dextrose. The pancreas was then removed from the apparatus and sufficient dextrose added to the perfusing solution to give approximately the desired per cent. After allowing it to mix thoroughly in the apparatus, perfusion of the heart was begun. Again all the experiments showed rapid dextrose utilization and, as in the heart-pancreas perfusions, hydrolysis of the final perfusates increased their reducing properties. Two facts thus seemed evident. First, the pancreas did not alter the reducing properties of the dextrose passing through its vessels. Second, the pancreatic factor causing the rapid disappearance of sugar was contained in the perfusate and continued to act after removal of the pancreas. The pancreas, therefore, had furnished some constituent to the perfusing liquid which greatly accelerated the utilization of sugar by the heart muscle. Table VIII . The pancreas was first perfused for periods varying from 15 to 60 minutes, and then removed from the apparatus and the heart of the same dog substituted. There was no dextrose utilization by the pancreas, but when the heart was subsequently perfused with the fluid which had been perfused through the pancreas, the heartpancreas type of dextrose utilization occurred.
Effect of Heat on Pancreatic Perfusates.
If this pancreatic factor accelerating dextrose utilization by the heart is an enzyme, it should be affected by heat; while if it has a more stable character like adrenalin it should not be affected by heat to any extent. The five experiments on this point are tabulated in Table IX and shown in Text- fig. 4 . In all the experiments the pancreas was perfused for 30 minutes and the perfusate was then removed from the apparatus. After completion of the pancreas perfusion the apparatus was carefully washed and sterilized in the steam sterilizer for 30 minutes. The heart was then perfused with the pancreatic perfusate which meanwhile had been subjected to various degrees of heating. In Experiments 51 and 52 the pancreatic perfusate was just brought to the boiling point and cooled, while in Experiment 55 the perfusate was boiled for 10 minutes. In Experiments 53 and 54 the pancreatic perfusates were heated to 56°C. for 30 minutes on a water bath, then cooled and perfused through the heart. In all these experiments the heart continued to beat during the 4 hour period. The results were definite, as shown in Text- fig. 4 . When the pancreatic perfusate was heated to boiling it lost its power of enabling the heart to utilize dextrose. The utilization of dextrose proceeded practically as if the heart were being perfused alone. Heating the pancreatic perfusate to 56°C. for 30 minutes, however, did not cause any inactivation. Subsequent perfusion through the heart gave the typical heart-pancreas type of dextrose utilization. These experiments, therefore, indicated that the pancreatic factor has the characteristic of an enzyme in being inactivated by boiling temperature.
Amount of Pancreatic Perfusate Necessary to Enable the Heart to Utilize
Dextrose.
In the experiments shown in Table VIII in which the pancreas was first perfused and the same solution was subsequently perfused through the heart, the entire pancreatic perfusate of 250 cc. was used. The question arose as to the minimum amount of pancreatic perfusate necessary to enable the heart to utilize dextrose immediately. Four experiments were carried out as shown in Table X Table IX showing the effect of heat on the pancreatic perfusates. The upper curve shows the utilization of dextrose in the experiments in which the pancreatic perfusate was heated to boiling and cooled before perfusion through the heart, while the lower curve shows what occurred when the pancreatic perfusate was only heated to 56°C. for 30 minutes. Table X showing the result of adding different amounts of the pancreatic perfusate to a perfusion of the heart from the same dog.
Text- fig: 5 . The pancreas was first perfused with 250 cc. of Locke's solution containing 0.2 per cent of dextrose. This perfusate was then removed and the apparatus was washed and sterilized for 30 minutes to inactivate any adherent pancreatic substance. The heart of the same animal was then perfused with a fresh solution to which varying amounts of the pancreatic perfusate had been added, the total volume of the perfusate being made up to 250 cc. As seen in the curves of Text- fig. 5 , when 10 cc. of the pancreatic perfusate were added, the curve of dextrose utilization by the heart is practically the same as if the entire 250 cc. had been used. Hydrolysis of the final perfusates, however, did not give as definite an increase in reducing substance as in the typical heart-pancreas perfusions. When 5 cc. and 1 cc. were used, though the utilization of dextrose began within the 1st hour, it did not proceed as rapidly as when the larger amounts were used, These experiments indicate that even 1 cc. of a 250 cc. pancreatic perfusate added to 249 cc. of Locke's solution has a distinct effect in enabling the heart to utilize dextrose immediately.
Instability of the Pancreatic Perfusate after Perfusion.
It was hoped to carry out a number of other experiments which would depend on the ability of the pancreatic perfusate to maintain its activity when kept for 24 hours or more without a preservative. To test this, three experiments were carried out. The figures are shown in Table XI . A pancreas was perfused with 250 cc. of Locke's solution for 30 minutes and the perfusate was placed on ice for 48 hours in one experiment and 24 hours in two experiments. At the end of that time the heart of another dog was perfused with the entire pancreatic perfusate, but with the result that only the heart type of dextrose utilization occurred. It hardly seemed probable that this could be due to the fact that different dogs were used, but rather that the enzyme-like substance had lost its activity during these short periods of time. That the perfusate's used were originally fully active was demonstrated by the fact that they were the perfusates which had previously been shown to be highly active. An interesting finding which should be mentioned is the fact that in the heart-pancreas perfusions no dextrose utilization ever seemed to have occurred in the first 10 minutes of perfusion, the period which was allowed to elapse before filling the control apparatus. If the dextrose had been used by the heart in this time at the same rate that it was used in the following hour, the utilization should at least have been evident. Even in the experiments where the pancreas was first perfused and the heart subsequently perfused with the same fluid, there was no evident utilization of sugar during the first 10 minutes. In such experiments the hearts must have been supplied immediately by an abundance of the pancreatic enzyme. From my experiments it cannot be stated how much more than 10 minutes elapsed before utilization of dextrose began, for an hour was allowed to pass before making another reading. It would seem, therefore, that there is a certain latent period before the heart begins to use dextrose, even though the dextrose is accompanied by an abundance of the pancreatic enzyme.
SUMARY.
The experiments indicate that the pancreas, when perfused aseptically with Locke's solution containing physiological concentrations of dextrose, does not alter the reducing properties of the perfused solution. The pancreas, however, seems to supply something to the Locke's solution circulating through its arteries which in some way brings about a utilization of sugar by the living heart to an extent that does not occur with the heart alone. This pancreatic substance possesses some of the characteristics of an enzyme. It is inactivated by boiling; it is unstable, rapidly becoming inactive on standing; it acts in small amounts; it causes a great acceleration in the rate of a reaction which otherwise proceeds slowly, and the rate of reaction diminishes as the reaction proceeds. Thus this substance has more of the characteristics of an enzyme than of a stable internal secretion like that of the adrenal glands. The disappearance of sugar was dependent upon the presence of living heart tissue, and it ceased as soon as the perfusate was removed from the heart-pancreas circula-tion and did not occur at all when a pancreatic perfusate was passed through a non-beating heart. This result indicates that the reaction is not similar to that obtained when muscle and pancreas extracts act on more concentrated solutions of dextrose.
The living heart in the presence of the pancreatic factor and dextrose, is responsible for two effects. First, a condensation of the sugar to a non-reducing form that yields again a simple sugar on hydrolysis or by simply standing, with a preservative, at 37°C. for 24 hours. Second, a disappearance of sugar which is probably due to its destruction by hydrolysis or oxidation. After deducting the reducing sugar in the heart-pancreas perfusions which could be recovered by hydrolysis, the amount of sugar which had actually disappeared exceeded that which was used by the heart when perfused with dextrose alone. As to the fate of this portion of the sugar, no definite evidence was obtained.
The question arises as to whether this substance obtained from the perfused pancreas is identical with the hypothetical internal secretion of the pancreas so essential in sugar metabolism. That there is an internal secretion of the pancreas which can be obtained by this method, and that in some way it accelerates the utilization of sugar by the living heart, seems evident. Though the conclusions are based on the heart and pancreas isolated from the numerous interrelating factors occurring in the body, the evidence suggests, at least, that the substance or substances obtained by perfusing the pancreas may be concerned in the normal activity of the pancreas upon sugar metabolism.
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